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INTRODUCTION
Type 2 diabetes mellitus and prostate cancer often occur concurrently in men over 60 years [1] . The comorbidity of diabetes can affect prostate cancer treatment decision-making [1, 2] and influence clinical outcomes such as survival [3] and health-related quality of life (HRQL).
Men with diabetes at the time of their prostate cancer diagnosis are less likely to receive aggressive treatment [3, 4] . Previous studies have shown that prostate cancer survivors with diabetes report worse urinary and sexual function, more symptom bother [5, 6] , and poorer general health and vitality [7] . However, these reports were limited either by their cross-sectional study design or singular focus on a specific treatment method for localized prostate cancer. Furthermore, no distinction was made between prevalent diabetes (present when prostate cancer was diagnosed) or incident diabetes (diagnosed after the prostate cancer diagnosis, with or without treatment). This is an important limitation because androgen deprivation therapy (ADT), which is commonly used as a treatment for prostate cancer, may lead to diabetes. Specifically, a large populationbased study of 73 196 men reported that prostate cancer survivors who received ADT increased their risk of developing diabetes by 40% [8] .
Few longitudinal and population-based studies have evaluated the effect of comorbid conditions on general and cancer-specific HRQL in men with prostate cancer. Previous studies have shown that prostate cancer survivors with moderate or severe cardiovascular disease (CVD) had a poorer HRQL compared with those without CVD over 4 years of follow-up [9, 10] , and that having diabetes and a greater body mass index were more likely to result in significant declines in urinary function over time than having either diabetes or greater, BMI alone [11] . We used data from the longitudinal, population-based Prostate Cancer Outcomes Study (PCOS) [12] to assess the relationship of prevalent and incident diabetes to general and cancerspecific HRQL in men with non-metastatic prostate cancer, followed up for 5 years from the time of diagnosis.
PATIENTS AND METHODS

SETTING AND PARTICIPANTS
This is a secondary analysis of data from the PCOS, investigating urinary, sexual function, bowel function and HRQL in patients with prostate cancer. A more detailed description of 
the study methodology has been reported elsewhere [13] . Briefly, subjects were identified through six sites participating in the National [15] . Clinically meaningful differences for other subscales were determined with Norman's 'rule of thumb', whereby a difference of ≈ 0.5 SD indicates a threshold of discriminant change in HRQL scores for a chronic illness [16] .
In addition, information regarding urinary, sexual and bowel function in the past month before being surveyed, as well as patients' functions just before prostate cancer diagnosis, was collected using modified versions of previously validated and reliable instruments [17] [18] [19] . Subjects were contacted again at 12, 24 and 60 months after their diagnosis date. Each time, they were asked to complete a survey that contained questions on HRQL and functional status in the past month. Outpatient and inpatient medical record abstraction were completed at ≈ 1 and 5 years after diagnosis in order to obtain details of the clinical presentation, diagnostic and staging evaluation, tumour characteristics and treatment. These records, combined with SEER records, were used to define the stage of disease, tumour grade, primary treatment and dates of therapy. 
comorbid conditions at baseline were similarly determined at either the 6-or 12month assessment. Incident (after prostate cancer diagnosis) diabetes was defined as present if a patient who did not report being diagnosed with, or treated for, diabetes on the 6-and/or 12-month surveys subsequently reported being diagnosed with diabetes or receiving hypoglycaemic medication at either the 24-or 60-month follow-up. The primary cancer management strategy was categorized as follows: radical prostatectomy, pelvic radiotherapy of any type, hormone therapy (medical or surgical), or watchful waiting. For men who received multiple treatments, the primary treatment was categorized as the more aggressive treatment.
STUDY COHORT
Of the 5672 eligible patients with prostate cancer initially contacted for inclusion in the PCOS, 3533 (62.3%) gave informed consent and completed a 6-and/or 12-month HRQL survey. For this analysis, we included all men with non-metastatic cancer, either localized or locally advanced disease (clinical stage ≤ T3). This sample of 1811 (51%) men had available baseline information on diabetes status and had returned at least one followup questionnaire. Of these men, 219 returned one, 442 returned two, and 1150 returned three follow-up questionnaires.
STATISTICAL ANALYSES
Differences in demographic, clinical characteristics, HRQL scores, and symptom function/bother scores between the three diabetes status groups were compared using a chi-squared test for categorical variables and ANOVA or Kruskall-Wallis tests for continuous variables, where appropriate.
Linear regression analysis was used to evaluate the association between baseline demographic and clinical characteristics and HRQL. Repeated measures analyses, using a mixed-model approach, were conducted to examine changes in general HRQL and symptom burden from baseline up to 60 months after initial diagnosis. We evaluated the positive regression slope, assessing HRQL at baseline, 12, 24, and 60 months. From previous longitudinal studies of prostate cancer survivors, the pretreatment HRQL rating was known to be associated with outcome over time [20, 21] . We, therefore, included the pretreatment urinary, sexual and bowel functioning scores as a covariate for adjustment in disease-specific HRQL.
Covariates included for adjustment were selected a priori or had shown an independent association ( P < 0.05) with HRQL. We also included the interaction term for diabetes status and time in our analyses to evaluate whether diabetes status was associated with differences in HRQL over time. All statistical analyses were performed using SAS (version 9.1 for Windows, SAS institute Inc., Cary, NC, USA). Statistical differences were considered significant if P < 0.01 and reported P -values are twosided. As the risk of Type II errors could increase with multiple testing, we used a more conservative P -value of < 0.01 to reduce the possibility that some of the results reported were attributable to chance.
RESULTS
Of the current sample, 239 (13.2%) men had prevalent diabetes, 215 (11.9%) had incident diabetes, and 1357 (75.0%) did not report diabetes on any surveys. Compared with prostate cancer survivors without prevalent diabetes, those with prevalent diabetes were more likely: (i) to be African-American; (ii) to be unmarried at baseline; (iii) to be less educated; (iv) to report a total household income of ≤ $30,000 per year; (v) to be retired;
(vi) to have lower stage disease (cT2 or less); (vii) to be managed with watchful waiting or Significantly different from men without diabetes: ***P < 0.001; **P < 0.01. †Clinically significant different: men without diabetes vs. prevalent diabetes. ‡Prevalent diabetes vs. incident diabetes: P < 0.01. receive radiotherapy as initial treatment; and (viii) to have >1 comorbid conditions (see Table 1 ). Table 2 outlines the mean scores of the general HRQL stratified by treatment. In general, men with prevalent diabetes reported the poorest scores, and men without diabetes the best. Men who developed incident diabetes had scores that were intermediate between the other two groups. Separate analyses by management strategy showed that men without diabetes and men with prevalent diabetes who were treated with prostatectomy, radiotherapy or managed with watchful waiting had significantly different scores on various HRQL scales. A clinically significant difference was noted in general health status scores between the men without diabetes and men with diabetes treated with prostatectomy or managed with watchful waiting. No statistical differences in scores were noted among men who received hormone treatment.
D I A B E T E S
During follow-up, unadjusted results showed that having prevalent diabetes was associated with poorer general HRQL scores for men treated with prostatectomy or managed with watchful waiting (Figs 1,2) . After adjustments across a range of demographic and clinical variables, no significant interaction effect was found between diabetes status and time for general HRQL in the prostatectomy group. General HRQL in men with incident diabetes was mostly lower than that of men without diabetes over time, but better or equal to that of men with prevalent diabetes (data not shown). Similar results of HRQL over time were found for men treated with either radiotherapy or hormone therapy (data not shown).
For the most part, cancer-specific HRQL scores showed patterns similar to those seen in general HRQL, with men with diabetes reporting the poorest scores and men without diabetes the best. The only significant difference noted between men with prevalent diabetes and men without diabetes treated with prostatectomy was in baseline sexual function (59.5 ± 41.4 vs. 77.9 ± 32.7, P < 0.001) ( Table 3 ). Non-diabetic men treated with prostatectomy reported the greatest change in sexual function at 6 months from baseline (−48.4 points), which was significantly different from the change score of −37.6 points reported by men with diabetes.
In longitudinally adjusted analyses of diseasespecific HRQL by treatment, no interaction effect of time and diabetes status was found in the prostatectomy and watchful waiting groups (Figs 1,2) . Similar results were found for the radiotherapy and hormone treatment group (data not shown).The disease-specific HRQL scores of men with incident diabetes ranged between those of men without diabetes and men with diabetes (data not shown).
DISCUSSION
Our study assessed the longitudinal effect of diabetes and prostate cancer, with or without treatment, on general-and cancerspecific HRQL in a population-based cohort of men followed up for 5 years after prostate cancer diagnosis. Overall, patients with prostate cancer and diabetes at baseline had a poorer general HRQL than men without diabetes and men subsequently diagnosed with diabetes during 60 months of follow-up, independent of treatment. Similarly, men with prevalent diabetes had the lowest, and men without diabetes had the highest, urinary control and sexual function scores over time, with those noted to have incident diabetes falling between the two other groups.
As hypothesized, we found that, in general, men with prevalent diabetes had the poorest general HRQL during follow-up and men without diabetes had the best. This difference in HRQL remained constant over time. In another cross-sectional study of a large group of long-term cancer survivors (including genitourinary malignancies), with demographics comparable with our sample, survivors without diabetes reported better overall health and fewer problems with other comorbid conditions than those with diabetes [22] . In a Dutch study, long-term prostate cancer survivors with diabetes also reported poorer general health and vitality scores on the SF-36 [7] .
Among the men with baseline diabetes, those who underwent prostatectomy had generally better baseline HRQL scores when compared with those in other management strategy groups. A possible explanation is that healthier patients, regardless of diabetes status, were more likely to undergo prostatectomy.
Prostate cancer-specific HRQL was the lowest among men with prevalent diabetes when compared with men without diabetes and those with incident diabetes. Similarly, another longitudinal study of men with prostate cancer treated with radiotherapy reported that diabetes predicted erectile dysfunction at 1 year of follow-up [5] . In the CaPSURE study [11] , a longitudinal disease registry of men with prostate cancer, men with diabetes had poorer urinary control but not sexual or bowel function over a 24-month follow-up. In that study, men without diabetes actually reported a greater decline in sexual function than those with diabetes, although men with diabetes had worse function at baseline. Similarly, our study found the steepest decline in sexual function from pre-diagnosis to 6-month postdiagnosis among men without diabetes treated with prostatectomy. This floor effect, whereby men with diabetes already have a lower pre-treatment level of sexual functioning and therefore cannot score lower than the scale limit, also seemed to be common with other comorbid conditions such as CVD [10] .
Our results show that men with incident diabetes reported general and disease-specific HRQL scores lower than those of men without diabetes, but similar or better than those with diabetes at baseline. The observed lower HRQL when compared with men without diabetes could represent the effects of either undiagnosed diabetes or the predisposing risk factors for diabetes.
Over the course of our study, men with prevalent diabetes had poorer general and disease-specific HRQL scores than those never diagnosed with diabetes. This suggests that prostate cancer survivors with diabetes could benefit from targeted interventions to improve decision-making at the time of diagnosis and during the course of the disease, as different prostate cancer treatments have variable impact on HRQL scores in men with diabetes. To this end, prostate cancer survivors with prevalent or incident diabetes could benefit from educational interventions that promote better self-management of diabetes, as this may positively affect HRQL outcomes. Previous studies have shown that individuals with newly diagnosed diabetes, who followed a structured educational program that addressed their illness beliefs, reported a better understanding and control of the disease, a lesser impact from diabetes on their daily activities, and a better HRQL after 3 months of following the program [23] . [27] .
Possible limitations of the present study include, first, the use of self-report of comorbid conditions such as diabetes, which could influence the reliability of the information provided over time. However, an earlier study from the PCOS reported that the participants were able to provide reliable information on comorbid conditions over time [28, 29] . Second, there was no prediagnosis assessment of general HRQL against which to assess post-diagnosis general HRQL. Moreover, the pre-diagnosis scores on cancer-specific HRQL were assessed retrospectively after initial diagnosis and treatment in the majority (roughly 80%) of patients. As such, recall bias could result in overestimation of prediagnosis HRQL [29] . The small numbers in samples, such as men with baseline diabetes who received hormone therapy, suggest that the results of subgroup analyses should be interpreted with caution. Although we report on the HRQL of men with incident diabetes, these results should be interpreted cautiously as we can only imprecisely estimate when the self-reported diabetes was actually diagnosed (between 12-24 or 24-60 months). This makes it difficult to assess the burden of diabetic disease and treatment on HRQL.
The strengths of this study include the use of longitudinal data with a follow-up of 60 months. Furthermore, we believe that this is the first analysis to measure the effects of prevalent and incident diabetes on the longterm HRQL of patients with prostate cancer. Our results suggest that prostate cancer survivors with diabetes have poorer HRQL than those without diabetes and this may have implications for prostate cancer treatment decisions. 
